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ANTI-SKID BRAKE CONTROL SYSTEM WITH 
FAIL-SAFE ARRANGEMENT 

BACKGROUND OF THE INVENTION 

The present invention relates generally to an anti-skid 
brake control system for an automotive vehicle. Speci? 
cally, the invention relates to a fail-safe arrangement in 
an anti-skid brake control system adapted to monitor 
each of the segments in the control system in order to 
stop skid control when a fault in one of the segments is 
detected. 
As is well known, it is better not to lock the wheels of 

a vehicle during braking. Particularly, in order to 
shorten braking distance to stop the vehicle effectively, 
wheel-to-road friction A must be maintained within a 
given slip-ratio range. In practice, it is considered that 
the shortest braking distance can be obtained when the 
slip ratio A is about 15% vis-a-vis the vehicle speed. In 
order to keep the slip ratio within the desired range, it is 
necessary to control application and release of ?uid 
pressure in the actuating cylinders of a hydraulic brake 
system. 
On the other hand, if the anti-skid control system fails 

the vehicle wheels may lock and signi?cantly degrade 
the braking distance or the brakes may remain in the 
released position in spite of the brake pedal being de 
pressed. This can cause serious danger for the vehicle 
passengers as well as the driver. 

Therefore, a fail-safe arrangement for permitting 
adequate performance of the braking operation even 
when the anti-skid control system fails would be very 
desirable. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide an automotive anti-skid control system with a 
fail-safe arrangement which can detect abnormal opera 
tion of the control system, and in response disable the 
control system and switch the braking control to man 
ual operation so that braking pressure can be adjusted 
manually. 
According to the present invention, there is provided 

an anti-skid brake control system with a fail-safe ar 
rangement, which includes a wheel rotation sensor for 
detecting the angular velocity of one of the vehicle 
wheels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully 
from the detailed description of the invention given 
herebelow and from the accompanying drawings of the 
invention, which, however, should not be taken as limi 
tative of the invention but for elucidation and explana 
tion only: 

In the drawings: 
FIG. 1 is a timing chart in an anti-skid control to 

show a variation of the rotational speed of a wheel in 
relation to given signal levels; 
FIG. 2 is a circuit diagram of the preferred embodi 

ment of the anti-skid control system with a fail-safe 
arrangement according to the present invention; and 
FIG. 3 is a block diagram of a hydraulic brake system 

suitable for control by the anti-skid control system em 
ploying the fail-safe arrangement of the present inven 
tion. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In advance of the description of the preferred em 
bodiment of an anti-skid control system according to 
the present invention, general anti-skid operation will 
be described for better understanding of the invention, 
with reference to FIG. 1. Such anti-skid control has 
been disclosed in the US. Pat. No. 3,744,851 issued on 
July 10, 1973 to M. H. Burchardt et al. In this US. 
Patent, there is disclosed a Brake Force Regulating 
System for vehicles, especially for motor vehicles, for 
anti-skid controlling the brake force based on the rota 
tion speed of a wheel, wheel slippage and wheel accel 
eration. The disclosure of this US. Patent is herewith 
incorporated by reference. 

In this anti-skid control method, ?rst and second 
threshold values Vcl and V02 are determined by multi 
plying vehicle speed Vc by two predetermined coef?ci 
ents. The ?rst and second thresholds Vcl and V62 de?ne 
wheel slippage ranges M), M and X2. Further, a wheel 
acceleration is determined from a variation of the wheel 
rotation speed Vw, which wheel acceleration is used to 
detect the wheel accelerating or decelerating. 
The wheel rotation speed Vw is distinguished with 

respect to the foregoing slippage ranges M), M and A2. 
As will be appreciated, when the wheel is decelerating 
and the wheel rotation speed drops below the ?rst 
threshold V01, a M signal goes HIGH. Then, as the 
wheel rotation speed further decelerates and drops 
below the second threshold Vcz, a M signal goes 
HIGH. 
On the other hand, if the wheel rotation speed in 

creases beyond the second threshold Vcz, the A; signal 
level goes LOW and as the wheel rotation speed further 
increases beyond the ?rst threshold V01, the M signal 
level goes LOW. 

Here, as will be appreciated from FIG. 1, there is no 
wheel rotation speed at which the M signal will be 
LOW and the A2 signal will be HIGH. Therefore, if 
such a signal condition occurs, it shows that the anti 
skid control system is malfunctioning. The fail-safe 
arrangement according to the present invention is in 
tended to detect such errors in the anti-skid control 
system and perform the fail-safe operation in response 
thereto. 

Referring now to FIG. 2, there is illustrated the pre 
ferred embodiment of an anti-skid control system with 
the fail-safe arrangement of the present invention. A 
wheel rotation speed sensor 1 is adapted to produce a 
pulse train with a frequency proportional to the wheel 
rotation speed. The pulse train is converted into an 
analog signal by a frequency-to-voltage converter (F/V 
converter) 2, which analog signal Vw has a voltage 
proportional to the wheel rotation speed. Based on the 
variation of the analog signal value, a differentiation 
circuit 3 produces a signal awat a voltage representative 
of instantaneous wheel acceleration. The signal aw is fed 
to a wheel acceleration comparator 4 which comprises 
?rst to fourth differential ampli?ers 4a to 4d. The signal 
aw is inputted to the positive input terminals (+) of the 
?rst and second differential ampli?ers 4a and 4b and to 
the negative input terminals (~) of the differential am- - 
pli?ers 4c and 4d. The negative input terminals of the 
differential ampli?ers 4a and 4b respectively receive 
reference voltages a1 and a; corresponding to accelera 
tion levels of 1.0G and 0.56. On the other hand, the 
positive input terminals of the differential ampli?ers 4c 
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and 4d receive reference voltages a3 and 0.4 respectively 
corresponding to acceleration levels of ~ 1.06 and 
— 156. Therefore, when the signal value of the signal 
aw is greater than the reference voltages a1 and (12, the 
outputs e1 and e; of the differential ampli?ers 4a and 4b 
will be HIGH and outputs eg and e4 of the remaining 
differential ampli?ers 4c and 4d will be maintained at 
LOW level. When the wheel acceleration drops to less 
than l.0G but is still greater than 0.5G, then the output 
e1 of the differential ampli?er 4a turns to LOW level 
and the output e2 is maintained at HIGH level. 
On the other hand, when the wheel acceleration awis 

in the range between 0.5G and — 1.0G, the outputs of all 
the differential ampli?ers 4a to 4d are LOW level. As 
the wheel decelerates and thus, the signal value aw of 
the signal aw drops to a value less than the reference 
voltage (13, the output c3 of the differential ampli?er 4c 
goes HIGH and the other output signals remain LOW. 
As the wheel decelerates further to become lower than 
—-1.5G and thus the voltage of the signal aw drops 
below the reference voltage a4, then the outputs e3 and 
e4 both go HIGH. The outputs of the differential ampli 
?ers 4a to 4d in relation to the wheel acceleration aw are 
summarized in the following table: 

clw 

aw > +111 > aw > +az > aw > a3>aw > 114 > 
+<1i +112 013 a4 aw 

48(81) H L L L L 
4b (e2) H H L L L 
4c (e3) L L L H H 
4d (e4) L L L L H 

As will be appreciated, all combinations of the out 
puts e1 to e4 which actually correspond to detected 
accelerations are shown hereabove. If a combination 
different from the shown ?ve combinations occurs, it 
means that the anti-skid control is malfunctioning. 
Therefore, by detecting combinations different from the 
foregoing ?ve combinations, errors in the anti-skid con 
trol can be detected. 
On the other hand, a vehicle speed sensor 5c produces 

a vehicle speed signal indicative of the vehicle speed. 
The vehicle speed signal is fed to a vehicle speed signal 
generator 5 which is adapted to produce a reference 
signal Vc at a voltage related to vehicle speed and 
which changes at a rate related to vehicle acceleration. 
The reference signal V0 is fed to reference voltage 
generators 5a and 5b. The reference voltage generator 
5a produces a reference voltage V01 having a value 
corresponding to 85% of the signal value of the refer 
ence signal Vc. On the other hand, the reference volt 
age generator 5b produces a reference voltage V02 
having a value corresponding to 70% of the signal value 
of the reference signal Vc. The reference voltage gener 
ators 5a and Sb are respectively connected to positive 
input terminals of differential ampli?ers 6a and 6b. The 
analog signal Vw representative of the wheel rotation 
speed is also inputted to the negative input terminals of 
the differential ampli?ers 6a and 6b. The differential 
ampli?ers 6a and 6b vary the level of the outputs E1 and 
E2 depending on the slippage of the wheel determined 
on the basis of the reference voltages Vci and Vcz. The 
variation of the output level of the differential ampli? 
ers 6a and 6b with respect to the variation of the analog 
signal Vw in relation to the reference voltages V0] and 
V02 is illustrated in the following table: 
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(Vw > 0.85Vc) ).7Vc) 

6 a L {-1 H 

(E1) 
6 b L L H 

(E2) 

The outputs e1 to c4 and E1 and E; are fed to a logic 
circuit 15. The logic circuit 15 determines the signal 
level of an inlet signal E, and an outlet signal Avaccord 
ing to the following chart: 

e1 e2 e3 e4 E1 E; 8., Av 

H H L L L L L L. 
L H L L L L L L. 
L L L L L L L L 
L L H L L L H L 
L L H H L L H H 
H H L L H L H - 
L H L L H L H L 
L L L L H L H '. 
L L H L H L H L 
L L H H H L H i-I 
H H L L H H H ; 
L H L L H H L L 
L L L L H H H '. 
L L H L H H H i 
L L H H H H H i 

The function or distinction in the logic circuit has 
been illustrated in detail in the above-referred US. Pat. 
No. 3,744,851. 

Referring to FIG. 3, when the inlet signal Ev and the 
outlet signal Av are both LOW. the brake pressure to be 
applied to wheel cylinders 29 provided for each vehicle 
wheel 30 is increased. When the inlet signal Ev goes 
HIGH and the outlet signal A., remains LOW. the brake 
pressure is held constant. When the inlet signal Ev and 
the outlet signal Av are both HIGH, the brake pressure 
is reduced. 
To carry out the foregoing anti-skid brake control 

operation, the brake system is provided with an inlet 
valve 22 and an outlet valve 23 in the hydraulic circuit. 
The inlet valve 22 includes an inlet valve actuator 16 
and the outlet valve 23 includes an outlet valve actuator 
17, as shown in FIG. 3. The inlet valve 22 is connected 
to a brake master cylinder 25 to receive a working tluid 
through a passage 26 and is also connected to the wheel 
cylinder 29 to apply the working ?uid thereto. The 
master cylinder 25 responds to depression of an associ 
ated brake pedal 24 to increase the fluid pressure within 
passage 26. The working ?uid is thus fed to the wheel 
cylinder 29 when a brake pedal 24 is depressed and the 
inlet valve 22 is opened. The inlet valve actuator 16 is 
responsive to the HIGH-level inlet signal Ev to be ener 
gized and close the inlet valve. On the other hand, the 
outlet valve 23 is a normally closed valve and is respon 
sive to energization of the outlet valve actuator 17 to 
open in response to the outlet signal A.,. When the inlet 
valve 22 and the outlet valve 23 are both closed. the 
fluid pressure applied to the wheel cylinder 29 is mam 
tained at a constant level. 
The outlet valve 23 is connected to the brake master 

cylinder 25 via a fluid pump 27 and an one-way valve 
28. When the outlet valve 23 is open the working tluid 
in the passage between inlet valve 22 and wheel cylin 
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der 29 is fed back to the master cylinder 25 through the 
?uid pump 27 and the one-way valve 28. Thus, the ?uid 
pressure applied to the wheel cylinder 29 is decreased to 
release the brake pressure. The inlet and outlet valve 
actuators 16 and 17 are respectively operated by 
switches 20 and 21 which are turned on in response to 
the inlet and outlet signals E, and A,,. 

Returning to FIG. 2, the fail-safe operation is carried 
out after detection of errors in the anti-skid brake con 
trol. In order to detect errors in the anti-skid brake 
control, AND gates 7 and 8 are provided. The AND 
gate 7 has an input terminal connected to the differential 
ampli?er 4a’ and an inverting input terminal connected 
to the differential ampli?er 40. As will be appreciated 
from the foregoing table, there are no allowable output 
conditions in which the output e3 of the differential 
ampli?er 4c is LOW and the output e4 of the differential 
ampli?er 4d is HIGH, therefore, if the AND gate 7 
outputs a HIGH signal, it means the anti-skid brake, 
control system is malfunctioning. Likewise, by connect 
ing the differential ampli?ers 4a and 4b to the AND 
gate 8 via an input terminal and an inverting input ter 
minal respectively, errors in the control system can be 
detected. 
The AND gates 7 and 8 produce HIGH level signals 

only when the acceleration comparator is malfunction 
ing. The output terminals of the AND gates 7 and 8 are 
connected to the SET input terminal S of an R-S-type 
?ip-?op 12 via an OR gate 11. When the SET terminal 
receives a HIGH-level input, the ?ip-?op 12 produces a 
SET signal at its Q-output terminal to turn ON a transis 
tor Tr1 to illuminate a fault indicator lamp 13 and stops 
producing a RESET signal at its O-output terminal to 
turn OFF another transistor Tr; to de-energize a relay 
coil 220 which opens a relay switch 220a and thereby 
disables the anti-skid control operation of the inlet and 
outlet valve actuators 16 and 17. 

Likewise, an AND gate 9 is connected to the differ 
ential ampli?ers 6a and 6b to receive the outputs E1 and 
E2. One of the input terminals of the AND gate 9 is an 
inverting input terminal connected to the differential 
ampli?er 6a. Thus, the AND gate outputs a HIGH 
level signal when the output E1 of the differential ampli 
?er 6a is LOW and the output E2 of the differential 
ampli?er 6b is HIGH, which is not possible under nor 
mal circumstances. The AND gate is also connected to 
the SET terminal of the ?ip-?op 12 via the OR gate 11 
in order to disconnect the anti-skid control system when 
such an erroneous combination of control signals is 
detected. 
Another AND gate 10 is connected to the ?ip-?op 12 

via the OR gate 11 for fail-safe purposes. The AND gate 
10 is connected to the logic circuit 15 to receive the 
outlet signal A, at one input terminal and the inlet signal 
E, at an inverting input terminal. As will be appreciated 
from the foregoing table, it is not possible to have the 
inlet signal Ev LOW and the outlet signal A, HIGH. 
Therefore, by detecting this condition, malfunction of 
the control system can be detected and by deactivating 
the relay coil 220, fail-safe operation can be performed. 

It should be noted that when the relay switch 180 is 
opened an thus both of the inlet and outlet valve actua 
tors 16 and 17 are disabled, the inlet valve 22 remains 
open and the outlet valve 23 remains closed in order to 
enable manual braking. , 

It should be additionally noted that the ?ip-?op 12 
should be RESET initially in order to enable automatic 
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6 
anti-skid control. This can be realized in any of a num 
ber of ways which will occur to those skilled in the art. 
As set forth, according to the present invention, er 

rors in the anti-skid control system can be satisfactorily 
detected and fail-safe operation can be‘performed by 
disabling the control system. 
Although the invention has been described in detail 

with respect to the speci?c embodiment, the invention 
can be embodied otherwise in many ways without de 
parting from the principle of the present invention. 
Therefore, the invention should be understood to in 
clude all of the possible modi?cations and embodiments 
which can achieve the sought operation of the inven 
tion and has corresponding features. 
What is claimed is: 
1. An anti-skid brake control system for an automo» 

tive vehicle, comprising: 
a detector associated with a wheel of said vehicle for 

detecting acceleration of said wheel and for pro 
ducing an acceleration indicative signal having a 
value indicative of said detected wheel accelera 
tion; 

a reference signal generator for producing a plurality 
of reference signals, each differing in value from 
any of the other reference signals of said plurality 
of reference signals, and each representing a 
threshold value to be compared with the value of 
said acceleration indicative signal; 

a comparator for respectively comparing the value of 
said acceleration indicative signal with the value of 
each of said plurality of reference signals and for 
producing a comparator signal which is a discrete 
combination of a plurality of outputs, each of said 

' outputs resulting from a corresponding one of said 
respective comparisons; 

a control signal generator responsive to said compar 
ator signal for producing a control signal for con 
trolling braking operation, said control signal hav 
ing a value derived on the basis of the combination 
of said outputs; and 

a fault detector responsive to said comparator signal 
for detecting whether said combination of outputs 
is a member of a predetermined set all possible 
combinations occurring in a non-malfunctioning 
control system, and for producing a fault signal 
whenever said combination of outputs constituting 
said comparator signal is detected not to be a mem 
ber of said set, said fault signal being useable to 
demand a predetermined back-up operation. 

2. An anti-skid brake control system for a vehicle 
having a brake system, comprising: 

a sensor associated with a wheel of said vehicle for 
sensing the acceleration of said wheel and for de 
riving an acceleration indicative signal having a 

- value representative of said sensed wheel accelera 
tion; 

a detector responsive to said acceleration indicative 
signal for producing a condition indicative signal 
having a value which varies with the acceleration 
and deceleration of said vehicle wheel, said accel 
eration and deceleration condition being detected 
on the basis of said acceleration indicative signal 
value; 

a controller responsive to said condition indicative 
signal for deriving a control signal controlling op 
eration of said brake system and optimizing braking 
operation; and 
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a fault detector for detecting whether the value of 
said condition indicative signal value varies from 
predetermined values which are representative of 
all of the possible conditions occurring in non-mal 
functioning brake control operation, and for pro 
ducing a fault signal whenever said value of said 
condition indicative signal is detected to vary from 
said predetermined values. 

3. The system as set forth in claim 1 or 2, wherein said 
reference signal generator determines at least two dif 
ferent slippage reference signals, and said sensing means 
comprises at least two comparators for comparing 
wheel slippage with said slippage reference signals and 
for producing comparator signals which de?ne a wheel 
slipping condition in preselected combinations of said 
comparator signals. 

4. The system as set forth in claim 3, wherein said 
fault detector comprises an AND gate connected to said 
comparators in such a manner that it produces said fault 
signal when abnormal combination out of said prese 
lected combinations of said comparator signals is de 
tected. 

5. The system as set forth in claim 4, which further 
comprises means for disabling anti-skid control in re 
sponse to said fault signal. 

6. The system as set forth in claim 5, which further 
comprises a control valve controlling a hydraulic brake 
pressure, and said disabling means is adapted to disable 
said control valve operation. 

7. The system as set forth in claim 1 or 2, wherein said 
reference signal generator comprises means for deter 
mining different acceleration and deceleration reference 
signals, and said sensing means comprises at least two 
comparators respectively comparing wheel accelera 
tion and deceleration with said reference signals and 
producing comparator signals which de?ne, in combi 
nation, a wheel slipping condition. , 

8. The system as set forth in claim 7, wherein said 
fault detector comprises an AND gate connected to said 
comparators in such a manner that said AND gate pro 
duces said fault signal when a combination indicating a 
malfunction is detected. 

9. The system as set forth in claim 8, which further 
comprises means for disabling anti-skid control in re 
sponse to said fault signal. 

10. The system as set forth in claim 9, which further 
comprises a control valve controlling a hydraulic brake 
pressure, and said disabling means is adapted to disable 
said control valve operation. 

11. A fail-safe arrangement for an anti-skid brake 
control system applied to a vehicle brake system, com 
prising: 

(a) at least one brake condition sensing means associ 
ated with a single wheel for sensing a vehicle oper 
ating condition pertaining to braking and output 
ting a plurality of sensor signals indicative thereof, 
the sensor signals being so produced that speci?c 
combinations of sensor signal values will not occur 
when said sensing means is functioning properly; 

(b) logic means responsive to the sensor signals for 
outputting at least one control signal in accordance 
with the sensor signals; 

(0) anti-skid actuating means responsive to the con 
trol signal for actuating and controlling the anti 
skid brake control system in accordance with the 
control signal; 

((1) detecting means for monitoring the sensor signals, 
detecting combinations thereof matching one of 
said speci?c combinations, and for outputting an 
error signal when the combination of said sensor 
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signal values is one of said speci?c combinations; 
and 

(e) a fail-safe device for preventing operation of said 
anti-skid actuating means in response to the error 
signal while allowing manual operation of the ve 
hicular brake system. 

12. The fail-safe arrangement of claim 11, wherein 
said logic means outputs at least two control signals in 
such a manner that only speci?c combinations of the 
control signals will occur when said logic means is 
functioning properly, and wherein said detecting means 
additionally outputs the error signal when the combina 
tion of the control signals is not one of said speci?c 
combinations. 

13. A fail-safe arrangement for an anti-skid brake 
control system applied to a vehicle brake system, com 
prising: 

(a) at least one brake condition sensing means associ 
ated with a single wheel for sensing a vehicle oper 
ating condition pertaining to braking, and for out 
putting a sensor signal made up of ?rst pairs of 
binary signals indicative of said sensed vehicle 
operating condition, the sensor signal being so 
outputted that a ?rst set of speci?c combinations of 
values of said ?rst pairs of binary signals will not 
occur when said sensing means is not malfunction 
mg; 

(b) logic means responsive to the sensor signal for 
outputting a control signal in accordance with the 
sensor signal, said control signal being made up of 
second pairs of binary signals in such a manner that 
a second set of speci?c combinations of values of 
said second pairs of binary signals will not occur 
when said one of said sensing means and said logic 
means is not malfunctioning; 

(c) anti-skid actuating means responsive to the sensor 
signal for actuating and controlling the anti-skid 
brake control system in accordance with the sensor 
signal; 

(c) detecting means for monitoring the sensor signal, 
for detecting combinations thereof matching one of 
said ?rst set of speci?c combinations, for monitor 
ing said control signal, for detecting combinations 
thereof matching one of said second set of speci?c 
combinations, for outputting an error signal when 
the combination of said sensor signal values is one 
of said ?rst set of speci?c combinations, and for 
outputting an error signal when the combination of 
said control signal values is one of said second set 
of speci?c combinations, said detecting means 
comprising a plurality of AND gates, each of 
which receives as inputs a respective pair of binary 
values from a set of binary values consisting of said 
?rst pairs of binary values and said second pairs of 
binary values, with inverters provided at selected 
input terminals thereof such that at least one AND 
gate outputs a high-level signal in response to the 
presence of a specific combination, from one of 
said ?rst and said second sets of speci?c combina 
tions and an OR gate receiving as inputs the out 
puts of the AND gates and outputting the error 
signal in response to a high-level signal from any 
one of the AND gates; 

(e) a fail-safe device for preventing operation of said 
actuating means in response to the error signal 
while allowing manual operation of the vehicular 
brake system. 

14. The fail-safe arrangement of claim 11, 12, or 13. 
further comprising display means for indicating to vehi 
cle occupants that the anti-skid brake control system 15 
malfunctioning in response to the error signal. 
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